Bone (tibia, femur, and lumbar spine) and blood samples were obtained from 100 (50 males and Doctoral Program in Health and Sport Sciences,
females)
Wistar-Imamichi rats in groups aged 3, 5, 7, 9, 12, 15 and the intra-and interassay coefficients of variation were 5.3 and 11.1%, respectively.
Serum IGFBP-3 was determined, using an immunoradiometric assay kit (IRMA) (Eiken Co.) in duplicate samples. The assay sensitivity was 2 ng/ml, and the intra-and interassay coefficients of variation were 6.1% and less than 10.0%, respectively.
Serum osteocalcin was determined using a RIA kit (Biomedical Technologies Inc., MA, U. S. A.) in duplicate samples. The assay sensitivity was 0.5 ng/ml, and the intra-and interassay coefficients of variation were 4.8% and less than 11.0%, respectively.
E. Statistical Analysis All data are expressed as means and standard deviation (SD). Unpaired Student's t-test was used for comparisons between males and females. One-way analysis of variance (ANOVA) followed by Bonferroni or Scheffe's test when necessary were used to test the significance of the difference between results at various age groups. P<0.05 was regarded as significant for all statistical tests.
III. Results

A. Body weight
The body weight increased with age in both male and female rats, but the increase in females was slower after about 9 weeks old ( Fig. 1 A) . Males weighed more than females, and a sex difference in body weight, was observed after 5 weeks old (P< 0.001). As shown in Figure 1 B, body weight gain in males showed a peak at 8-9 weeks old, declining thereafter. In contrast, the body weight gain in females showed a peak at 4 5 weeks old, and then declined.
B. Bone length
In both males and females, the tibial length increased gradually, this increase was slower from 9 12 weeks old ( Fig. 2) . Similar results were obtained for the femur (data not shown).
C. Bone mineral density (BMD)
The mean BMD values of the tibia ( Fig. 3 A) , femur (Fig. 3 B) and lumbar spine (L 3 • L 4) ( Fig.  3 C) , were not significantly different between 3-
week-old males and females. Between 5 and 9 weeks old, females had a slightly but not significantly higher mean value than males. After 9 weeks As shown in Figure 5 A, serum IGF-1 levels in male were elevated markedly at 5.7 weeks old and then followed the same pattern as serum testosterone (r=0.363, n=35, P<0.05). In female, IGF-1 increased markedly as well as in males from 5 weeks old, peaking at 9 weeks, and then showed a rapid significant decrease (P< 0.001, 9 weeks old vs. 12 weeks old). A sex-specific difference in IGF-1 level was observed from 12 weeks old as that in males was significantly higher than that in females (P<0.001, P<0.05 and P<0.05 for 12, 15 and 20 weeks old age, respectively).
Serum IGFBP-3 levels in males increased markedly at 5 weeks, and peaked at 7 weeks old at a higher level than that in females (P<0.001), and then declined gradually (Fig. 5 B) . In females, IGFBP-3 was first elevated at 5 weeks of age, peaked at 9 weeks, later than in males, and then decreased ( Fig. 5 B) . As shown in Figure 6 In contrast, although we did not measure the head to tail length, the rates of longitudinal growth of tibia and femur declined from 5 weeks old and no peak velocity was found during puberty in rats.
Another reason may be the differences in bone remodeling systems, because rats do not have haversian canals. Our findings are in agreement with the previous human study8) that OC concentrations during early puberty were shown to be higher than those a later stages of puberty. The details of the pattern of changes in OC with aging in rats remain to be clarified. Further histomorphometric analyses will facilitate understanding of the mechanisms in more detail.
We conclude that skeletal growth occurs earlier in female than in male rats. This sex-specific difference of changes in the BMD pattern may result from the earlier onset of puberty in females, and from the sex-related differences in concentrations of IGF-1, IGFBP-3 and sex steroids with maturation.
